
Conference on Human Health and 
Global Climate Change 

Summary of the Proceedings 

National Science and Technology Council 
and the 

Institute of Medicine/National Academy of Sciences 

Wntten by Paul B Phelps for the Institute of Medicine 

Valene Setlow and Andrew Pope, Edztors 

NATIONAL ACADEMY PRESS 
Washington, D C 1996 



NATIONAL ACADEMY PRESS 2101 Conshtuhon Avenue, N W Washmgton, DC 20418 

NOTICE The conference that is the subject of this summary was approved by the Governing 
Board of the National Research Council, whose members are drawn from the counc~ls of the National 
Academy of Sciences, the National Academy of Engneerrng, and the Institute of Medicme 

This report has been revlewed by a group other than the authors accorhng to procedures 
approved by a Report Revlew Committee consisting of members of the National Academy of Sciences, 
the National Academy of Engineering, and the Institute of Medicine 

The Institute of Mehcine was chartered in 1970 by the National Academy of Sciences to enhst 
distingushed members of the appropnate professions in the examination of policy matters pertaining to 
the health of the publlc In this, the Institute acts under both the Academy's 1863 congressional charter 
responsibility to be an advlser to the federal government and its own init~ative, to identify issues of 
medical care, research, and education Dr Kenneth I Shine is president of the Institute of Medicine 

This summary was prepared by Paul Phelps for the Institute of Medicine It summmzes the 
presentations and discussions that occurred dmng a 2-day conference (September 11-12, 1995) that was 
organized and conducted in a collaborative effort between the Institute of Medicine, the National 
Academy of Sciences, and the National Science and Technology Council (NSTC), w ~ t h  support from 
several member agencies of the NSTC The mews summarued in this report are those of the conference 
participants and do not represent the vlews of the NSTC or the Institute of Medicine and National 
Academy of Sciences This summary was revlewed for accuracy by the chairs of the indivldual sesslons 
of the conference and by the chairs of the breakout group panels 

Funding for the conference was provlded by the National Academy of Sciences, the Office of 
Science and Technology Policy, the National Science Foundation, the National Aeronautics and Space 
Administrat~on, the National Oceanic and Atrnosphenc Administration, the Envlronrnental Protection 
Agency, the Department of Defense, the National Institutes of Health's Fogarty International Center and 
the National Institute of Envlronmental Health Sciences, the Department of Agrrculture, the Centers for 
Disease Control and Prevention, the Agency for International Development, and the Department of 
Energy 

Additional copies of this report are available in limlted quantities from 

Divlsion of Health Sciences Policy 
Institute of Medicine 
21 0 1 Constitution Avenue, N W 
Washington, DC 2041 8 

Copyright 1996 by the National Academy of Sciences All nghts reserved 

Pmted in the Unlted States of Amerrca 

The serpent has been a symbol of long life, healing, and knowledge among almost all cultures and 
religions since the beginning of recorded history The image adopted as a logotype by the Instxtute of 
Medicine is based on a relief camng from ancient Greece, now held by the Staatlichemusseen in Berlin 



Acknowledgments 

The Conference on Human Health and Global Climate Change that is the subject of this 
s m a r y  was the product of a collaborahve effort between the Insbtute of Mehcine, the Nahonal 
Science and Technology Council (NSTC), and the Nahonal Research Council's Board on 
Atrnosphenc Sciences and Climate, Board on Sustanable Development, and Polar Research Board It 
would not have been possible ulthout the concerted efforts and contnbuhons of many individuals and 
organizabons The conference planners and organizers are hsted ~n Appenhx B, includmg the NSTC 
Worhng Group, the sponsoring agencies, the IOM/NAS Steenng Comt t ee ,  and the responsible 
staff The conference speakers, background paper authors, and session chars deserve special 
recognibon and thanks for their efforts and are listed in Appendix C The approximately 300 
conference partupants were an important part of this actmty, espec~ally in shmulahng discussion, 
provldng ideas, and developing the strateges that were the products of the indmdual worlung group 
panels These inhmduals are included ~n the hst of conference regstrants in Appendx C 

Of prncular note, Enc Chivlan, Bob Shope, and Mary Wilson are acknowledged for their 
contnbubon m both rasing and &scussing these issues wth Vice Prewdent Albert Gore, Jr , in the 
formahve stages of the conference's development and for their parhc~pahon in the conference itself 
We also would like to acknowledge Vice Prewdent Gore for his mitlahve in requesbng that this 
conference take place, and for his contnbuhon as a parhc~pant and speaker 



Contents 

EXECUTIVE SUMMARY 

BACKGROUND AND OVERVIEW 
Greenhouse Wamng, 5 
Ozone Deplebon, 6 

POTENTIAL HUMAN HEALTH EFFECTS OF GLOBAL CLIMATE CHANGE 
Infecbous Disease, 8 

Vector-Borne Infecbous Diseases, 8 
Non-Vector-Borne Infecbous Diseases, 9 

Direct Effects on Human Health, 9 
Heat Stress, 9 
Skn Cancer, Cataracts, and Immune Suppression, 12 

Indrect Effects on Human Health, 13 
Food Producbon and Nutnbonal Health, 13 
Fresh Water Q d t y  and Quanbty, 13 
h r  Pollubon and Allergens, 13 
Weather Disasters and hsmg Sea Level, 14 
Social and Demographic Dislocabons, 14 

POLICY IMl'LICATIONS 
Panel Reports, 15 

Global Surve~llance and Response, 16 
Dlsease Prevenbon, 17 
Educabon for the MeQcal and Pubhc Health Comumtres, 19 
Internabonal Cooperabon, 22 



CONTENTS 

Research and Development Needs, 23 
Pubhc Outreach and Rzsk Comu21icabon, 24 

SUMMARY OF PRIORITIES AND STRATEGIES 

REFERENCES AND FURTHER READING 

APPENDIXES 
A Nabonal Science and Technology Council (NSTC) Sponsonng Members, Interagency 

Worlang Group, Insbtute of Mehcine (IOM) Steenng Comttee,  and Staff, 3 1 
B Conference Agenda, 35 
C Speakers, Authors, Chars, and Conference Registrants, 4 1 
D Abstracts of Conference Presentabons, 57 



Conference on Human Health and Global Climate Change: 
Summary of the Proceedings 

EXECUTIVE SUMiMARY 

Observed changes m the Earth's climate over the past 100 years appear to be consistent urlth 
theorehcal models of greenhouse w m n g ,  accordng to the parhcipants in a recent scienhfic 
conference on Human Health and Global Climate Change, cosponsored by the National Science and 
Technology Council (NSTC) and the Insbtute of Medcine (IOM) These models suggest that, 
urlthout major changes in environmental policy, we could expect to see even greater changes m global 
climate over the next 100 years These changes could produce alterabons both m physical systems 
(e g , h~gher temperatures, heamer ranfall, and nsing sea level) and in ecosystems (e g , forests, 
agriculture, manne ecologes, and the habitats of vanous insects and animals) In adQbon to the 
global changes associated wth greenhouse w m n g ,  a conhnumg deplehon of stratospheric ozone 
would increase the amount of ultraviolet rahabon that reaches the Earth's surface, causing increased 
rates of slun cancer, cataracts, and immune suppression 

The focus of concern to the conference parhcipants was the substanhal nsks to human health, 
incluQng both drect nsks (e g , death in heat waves or floods, skrrn cancer) and indrect nsks (e g , 
changes in food produchon or the Qstnbubon and incidence of vector-borne dseases) that are 
believed to be assoc~ated vvlth changes ln global chmate The inQrect nsks appear to be the most 
difficult to cope wth, part~cularly those posed by emergng and reemergng mfecbous dseases such 
as cholera, malana, dengue fever, and Hautawrus These nsks are of part~cular concern in regons and 
populabons that are already vulnerable due to crowding, malnutnbon, poor sanitabon, and pohbcal or 
economc instability 

The general agreement that emerged dunng the conference was that changes in the global 
climate could pose significant nsks to human health Much r m s  to be done to clanfy the exact 
linkages between human actmbes, global cl~mate change, and human health, but the lack of complete 
data should not be used as an excuse for inacbon Instead, the precaubonary pnnciple should apply If 
the nsk to public health IS great, even if there is uncertiunty, both policy and acbon should be b~ased 
in favor of precaution 

In &scussing the policy implicabons of global climate change for human health in the United 
States and the mnternabonal community, parhc~pants idenhfied a number of achons that should be 
taken, incluQng (a) the creabon of a global surveillance and response network, (b) increased 

 h he conference was held at the Natlonal Academy of Sciences on September 11-12, 1995, and 
was attended by more than 300 people (see Appendix C) 
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2 CONFERENCE ON H U M N  HEALTH AND GLOBAL CLIMATE CHANGE 

coordinabon among nabons and scienbfic disciplines, (c) mulbhsciplinary research on the 11nZts 
between global cllmate change and human health, (d) Improved environmental health trsuning for 
health profess~onals, and (e) an outreach program to inform and educate the public about the effects 
of global climate change on human health In the face of current fiscal constrants, these efforts must 
be based on idenbfjmg and linlung together exisbng acbmtres, facilibes, organizabons, and funding 
agencies 

BACKGROUND AND OVERVIEW 

In October 1994, followng a meetmg wth concerned scienbsts and mehcal experts (Enc 
Chivian, Bob Shope, and Mary Wllson), Vice Pres~dent Gore asked the Office of Sclence and 
Technology Policy (OSTP) and the Councd on Enmronrnental Quality (CEQ) to organize a 
conference on the potentral hman health nsks posed by global cllmate change, and strategres to 
address them-such as global health survedlance, pubhc outreach, and educatron Members of the 
NSTC, OSTP and CEQ formed a worhng group to develop a prelimnary agenda for the conference 
and later requested that the IOM jom 1n plmmg, organmng, and conducbng the conference 
(AppendIx A presents a list of the sponsoring agencies, the IOM steenng comt tee ,  and conference 
organinng staff ) 

The purpose of the conference was twofold 

1 To bnng together a &verse, inter&sciphary group of experts to address the potenbal 
effects of global climate change and ozone deplebon on the current and future incidence of hsease, 
heat stress, food and water supplies, and a r  pollubon, and 

2 To hscuss initral strategres for lmprovlng research and development (R&D), global 
health surveillance systems, health care and hsease prevenbon, mehcal and pubhc health community 
educabon, internabonal cooperabon, and pubhc outreach 

It is important to note that the focus of the conference was human health Presentmg emdence 
of whether or not global climate change is, has, or virlll occur, was not the pnmary focus Part~c~pants 
were asked rather to work wthin an "iflthen" type of scienbfic exercise If global c h a t e  change 
occurs, what are the potenbal adverse human health effects and what strateges should be developed 
to address them', 

The first day of the two-day conference was filled wth scienbfic presentabons and a plenary 
d~scussion on the current state of knowledge about global c k t e  change and its potentral nsks for 
human health (see the agenda, AppendIx B), incluhng a presentabon by Vice President Gore (see 
Box 1) On the second day, parhcipants hscussed health pohcy imphcabons and potenbal 
intervenbon strateges in a senes of panels Each panel's finhngs were presented and hscussed by the 
conference parhclpants in a final plenary session Approximately 300 scienbsts, health care promders, 
policymakers, acadermclans, federal and state officials, industry representabves, and others attended 
the conference and parhcipated in developing the strateges (see Appen&x C) 
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BOX 1 The Interplay of Cl~mate Change, Ozone Deplet~on, and Human Health 

Albert Gore, Jr 
Vice President of the United States 

I've spoken before about the rad~cal changes that have occurred In our environment just In 
my llfetlme As IS often the case, when a fundamental change takes place, one can't point to a 
s~ngle causal factor to expla~n ~t In th~s case, I've come to belleve that th~s radlcal change In 
the relat~onsh~p between civil~zat~on and the Earth has come about because of the confluence 
of three factors at the same t~me, the f~rst be~ng the populat~on explos~on, which is now add~ng 
the equ~valent of one China's worth of people every 10 years The second change IS the 
scientific and technological revolut~on, which has dramat~cally magn~fied the average impact 
that each of the billions of people on Earth can potent~ally have on the Earth's environment 
And the th~rd factor, the most subtle in some ways but the most important In other ways, 
there has been a change In th~nk~ng about our duty to cons~der the future consequences of our 
present actlons and a sometimes w~llful assert~on that we can't poss~bly have any meaningful 
Impact on the Earth's env~ronment, therefore we shouldn't th~nk about ~t much less worry about 
it or study ~t in deta~l Together, these three elements have comb~ned to produce what some of 
you would call a discont~nu~ty a fundamental change in the relat~onship between human 
c~v~lizatron and the earth 

There IS a scient~f~c consensus on the most sallent issues, a rev~slon~st few not 
withstand~ng We know that human act~vlt~es are causing the atmospher~c concentrat~ons of 
greenhouse gases to Increase dramat~cally In the atmosphere Carbon dlox~de has increased 
nearly 30 percent since the industr~al revolut~on, methane has more than doubled, and n~trous 
ox~de has gone up by 15 percent We also know that the current trends are leading to an even 
more rap~d accumulat~on of greenhouse gases and that, as th~s trend continues, the 
concentration of greenhouse gases w~l l  cont~nue to mount Now, In addition to the greenhouse 
gases, human act~v~t~es have Increased the atmospher~c concentrat~ons of sulfate aerosols- 
the key ~ngred~ent In acid ram-especially over ~ndustr~al~zed areas In the Northern 
Hem~sphere 

In just the last century, the Earth's temperature has rlsen by about 0 5OCl or l°F The nine 
warmest years th~s century have all occurred since 1980 There are plenty of other 
measures-from the tree-ring record to the record in land-based glaciers-that all 
demonstrate that the current perlod IS by far the hottest that we have been able to measure 
And the ev~dence is getting ever stronger that this warming now under way IS not due to 
natural variab~l~ty, but to human activ~t~es 

The real quest~on IS "What will happen In the future?" W~thout climate change pol~c~es 
that lim~t global emlsslons of greenhouse gases, there IS no doubt that the Earth's cl~mate w~ l l  
change It's not a question of wrll ~t change, ~t IS a quest~on of when, by how much, and where 
The question of when is now being answered It has already begun to change s~gnif~cantly 

And the best ev~dence is consistent w~th a pred~ctlon that In the llfet~mes of people now livlng 
we w~l l  comrnlt the world to an Increase of up to 3' and 4OC-up to 8OF The sc~entlsts warn us 
that change IS cornlng 

Contrnued 

Excerpts from remarks at the Conference on Human Health and Global Cllmate Change 
September I I, 1995 
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How will global warming affect us? There are clearly profound ~mpl~cations at the reglonal 
level for food security, water supplies, natural ecosystems, loss of land due to sea level rise, 
and human health A temperature increase of 2O to 8OF IS projected to double heat-related 
deaths in New York City and tr~ple the number of deaths In Chicago, Los Angeles, and 
Montreal And an lncrease of 8OF may be correlated wrth an increase In the heatlhumid~ty 
Index of lZO to 15OF The very young, the elderly, and the poor will be the ones most at rlsk 
So will those wlth chronlc card~ovascular and respiratory dlseases The past summer's 
stunnlng number of deaths in Ch~cago-over 500 In just a few days-make these hypotheses 
all too real 

Changlng temperatures and ramfall patterns are predicted to also Increase the spread of 
lnfectlous dlseases Insects that carry disease organisms may now move to areas that were 
once too cold for them to survlve These new breedlng sltes and hlgher temperatures may 
also speed reproduction Dlseases we had hoped were just a memory In thls country are 
suddenly a renewed threat Cholera IS resurgent In our hemisphere After years of belng 
contamed In much of the world, Dengue Fever has returned to countries that had not seen the 
dlsease In 50 years Malarla, too, 1s a global concern, and some of the new stralns are more 
troubl~ng than any that have been seen Malar~a already Infects several hundred million 
people each year-ma~nly In the Trop~cs But this July, for the flrst time In 40 years, more than 
100 people contracted malarla In a Russlan city And besldes the return of old dlseases, there 
are new ones on the U S scene, such as the hantavlrus In the Southwest 

Unfortunately, ignorlng the news does not make ~t better Closlng your eyes to a problem 
doesn't make ~t vanlsh You can't slmply wlsh ozone holes away So ~t astounds me, In llght of 
all the data that has been collected over the years, that some are once agaln challenging the 
fact that there IS ozone depletlon And what's even more amazing is that some people are 
llstenlng Ladles and gentlemen, we have an extraordinary lnternatlonal consensus We have 
thousands and thousands of atmospherrc measurements l~nklng manmade CFCs to global 
ozone depletlon 

We all know that depletlon of the ozone layer Increases the amount of UV-B radlatlon that 
reaches the Earth And so now we have to confront the fact that the observed depletlon of 
ozone of 5-10 percent In summertime, when people are outdoors a lot, will Increase 
nonmelanoma skln cancer In far-sk~nned populations by about 10-20 percent 

In addltlon, there will be an lncrease In the lncldence of cataracts and other eye leslons, 
and cataracts are already the thlrd-largest cause of preventable blindness In the United States 
These numbers would be much hlgher yet were ~t not for the success of the Montreal Protocol 
We must not forget though, that even wlth that world-wlde action, ~t will be untll the mrddle of 
the next century before the ozone layer recovers 

Well, for the past 25 years, the Unlted States has been comm~tted to the blpartlsan effort 
to protect the environment Pres~dent Cllnton has fought to make sure that the Unlted 
States 1s at the forefront of a global environmental movement We're strlvlng to return 
greenhouse gas emlsslons to 1990 levels by the year 2000 We're strlvlng to convince others 
to make as much progress as IS poss~ble We're engaged In lntematlonal negotlatlons to 
address thls global problem We're helplng to develop treatles not only for the protection of 
our own natlon, but for the health and welfare of the world communlty of whlch we are a part 
We know that sclence 1s essential to our understandlng of global problems 

Ladles and gentlemen, the role of the screntlflc community In art~culatrng clearly the best 
accepted understandlng of what we know and what we can say wlth sufflclent confidence to 
enable the Amerlcan people to take prudent measures to safeguard our future IS absolutely 
crltlcal 
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Greenhouse Warming 

W~thout the naturally occmng "greenhouse effect," Earth would be too cold to sustain life as 
we know it The greenhouse effect results from water vapor, carbon dox~de, and other trace gases In 
the atmosphere that trap solar heat as ~t is reradated from the Earth's surface The net effect is to keep 
the planet about 33°C (60°F) warmer than it would be othenvlse In the past century, however, 
human acbvlbes have added substanbally to this effect by releasmg adhhonal greenhouse gases into 
the atmosphere, pnmanly through combusbon of fossil fuels Carbon diox~de concentrahons have 
increased nearly 30 percent, nitrous ox~de about 15 percent, and methane approximately 100 percent 
The pnncipal source of the ermswons that produce the atmosphenc concentrabons has been the 
burning of foswl fuels (coal, oil, and gas), although agriculture and deforestahon contribute a share 

There is a growmg consensus in the scienhfic community that the increase in greenhouse 
gases has contributed to a wamng of the earth's surface by between 0 3" and 0 6°C (0 5" and 1 1°F), 
on average, over the past 100 years (see F~gure 1) In some regrons, parbcularly in the industrialized 
areas of the Northern Hermsphere, this warrmng has been masked by increased concentrahons of a r  
pollutants such as sulfate aerosols, which reflect solar ra&ahon (and thus serve to counter-balance, in 
part, the wamng  that mght be seen o thmse )  Nevertheless, the nine warmest years in this century 
have occurred since 1980, and there is considerable evldence to support this wamng trend (see 
"References and Further Reahng," p 28) decreases in Northern Hermsphere snow cover and Archc 
sea ice, the retreat of glaciers in all of the world's mountam ranges, and a measurable nse in average 
sea level-10 to 25 cenbmeters (4 to 10 inches) over the past 100 years-mnly due to thermal 
expansion of water 

While emssions of greenhouse gases mll cemnly conbnue in the future, the exact amounts 
m11 depend on populabon growth, economc development, energy technologes, and policy vanables 
Nevertheless, accorhng to the parkipants, ~t seems reasonable to expect that global ermsslons of 
carbon &oxide ulll nse in the short term from the current level of approximately 6 b~llion tons of 
carbon per year, to between 8 billion and 15 blllion tons per year in 2025, and could range from 5 
billion to 36 billion tons per year by 2100 This would mean that atrnosphenc concentrabons of 
carbon dox~de-which were 200 parts per mlhon (pprn) dmng the last ice age and about 280 ppm 
in pre~ndustnal bmes--could nse from today's 350 ppm to anywhere from 500 to 900 ppm by 2100 

The scienbfic community has growmg confidence in the abllity of computenzed general 
circulabon models to predct the climate impacts of such changes in greenhouse gases These models, 
wh~ch provlde an increasingly good fit between theory and observabon of past global climate 
changes, in&cate that, m a world mth approximately tmce the current concentrahon of carbon 
&oxide, the global mean temperature mll increase by 1" to 4OC (2" to 7OF), ulth significant regronal 
vanabons (e g , somewhat less warmng in the Northern Hermsphere due to alr polluhon) Average 
evaporahon wll  also increase, and hence average precipitahon, agan mth r e~ona l  vanabons (more 
ran  in some places, especially in wmter, less ran m others, especially in summer) Sea level mll nse 
by another 15 to 90 cenhmeters (6 to 35 inches) over the next 100 years 
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Pdcipants noted that the Impact of such changes on natural and human systems wll be 
rmxed Increased carbon dioxlde concentrabons would have a "fertdlzer" effect for some plants, but 
not for others, leadmg to changes in natural plant communibes and npple effects on animal specles 
Overall, the balance would probably be blted in favor of "weedy" species-those wth higher rates of 
reproducbon and dispersal-to the detnment of blologrcal dvers~ty Tropical forest communlbes wll 
be affected, and there wll probably be some die-off in boreal forests as well Temperature-related 
changes in the oceans w11 affect the world's coral reefs and ocean fishenes Global agricultural 
producbon m y  be unchanged, although Increased producbon in northern labtudes mght be offset by 
decreases ~n tropical regrons where many populabons are already mahowshed Coastal populabons 
may be chslocated by changes In sea level, and there wll likely be Increased numbers of other 
"ecologcal refugees" as well 

Ozone Deplebon 

A thln layer of ozone high in the atmosphere (the stratosphere) protects hfe on earth, shielhg 
the surface by absorbing much of the ultraviolet rahabon from the sun However, surface ozone (in 
the lower atmosphere or troposhpere) is a major component of urban smog and can also serve as a 

18.000vears 1.800 vears - 300 vears * 

Number of years before present (note quasi-log scale) 

FIGURE 1 Variations In average global temperature over the past 20,000 years and predictions for the 
next century (McMchael, 1993) 



SUMMRY OF THE PROCEEDINGS 7 

greenhouse gas, the protecbve ozone layer res~des some 10 to 40 lulometers, or 6 to 25 mles, above 
the Earth's surface Solar energy recombines hatomc oxygen (0,) into tnatormc ozone (0,), these 
molecules are broken down to 0, by naturally occumng compounds contiunmg nitrogen, hydrogen, 
and chlome, and the cycle begns agan In the past 50 years h m  achwhes have added mllions of 
tons of ozone-deplehng chermcals to the atmosphere, pnmmly through the urldespread use of 
chlorofluorocarbons (CFCs) in refhgerators, spray cans, foam msulabon, and cleaning compounds 

In theory, these ozone-deplehng chemcals nse up in the atmosphere and destroy the ozone 
layer faster than it is naturally restored Indeed, m 1985, researchers reported dramahc declines in 
ozone concentrabons over Antarchca d u n g  the southern spnng This seasonal "hole" in the ozone 
shield has grown larger and appeared earlier in subsequent years Many other factors mght contnbute 
to these finhngs, includmg sunspot cycles and the isolahon and extreme cold of the Antarcbc weather 
system, but CFCs and other ozone-deplebng compounds were clearly implicated 

More recent measurements have confirmed that ozone deplehon is in fact a global 
phenomenon, although it is less acute in the tropics and more pronounced toward the poles, 
parhcularly in the Southern Hemsphere At present there is a 5 to 7 percent ozone deplebon over the 
United States dunng the summer, when people are most likely to be outdoors, about 11 percent over 
southern temperate areas, and more than 50 percent over Antarchca Every 1 percent decrease in 
ozone can lead to a 2 percent increase in nonmelanoma skn cancer This phenomenon is expected to 
conhnue for the next decades, despite internabonal efforts to ban CFCs and to phase out other ozone- 
destroying compounds Peak ozone deplebon w11 occur around the turn of the century, recovery is 
expected to occur over the followng 50-year penod 

POTENTIAL KUMAN HEALTH EFFECTS OF GLOBAL CLIMATE CHANGE 

Conference parhcipants noted that the anbcipated human health nsks caused by global climate 
change mll not be localized, instead, they m11 occur on a large scale, impingng on enhre 
populahons In adhaon to increasing the farmllar, hrect effects of climate (1 e , extreme weather 
events such as heatwaves and floods), global change will also involve a vanety of indirect nsks 
ansing from the hsturbance of natural systems (e g , the ecology of infecbous diseases, food 
producbon, and fresh water supphes) Forecashng these nsks is a complex, uncertan task, and 
encompasses a long bme honzon (Box 2 summarizes a par  of presentabons on El Nifio as an 
analogue for long-term global cllmate change ) 

The health effects of global climate change span a conhnuum from hrect to indirect, as 
shown in Figure 3 In the long run, the inhrect effects of hsturbing natural systems may have greater 
cumulabve impacts on human health, and most of those impacts wll  be adverse As s m a n z e d  m 
the most recent assessment of the United Nabons Intergovernmental Panel on Climate Change (IPCC, 
1995) and by vanous speakers d u n g  the first day of the conference, the most likely and most senous 
health nsks and health effects of global climate change and ozone deplebon would be adverse 
changes in the followng 

2 ~ h e  1995 Nobel Pnze for Chemistry was awarded to Mohna and Rowland for this research 
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heat stress, 
slun cancer, cataracts, and immune suppression, 
vector-borne infecbous chseases, 
non-vector-borne infectlous diseases, 
food producbon and nutnbonal health, 
water q d t y  and quaflhty, 
a r  polluhon and allergens, 
weather dsasters and rising sea level, and 
social and demographic chslocabons 

Infechous Disease 

Climate influences the hstnbuhon, frequency, types, and seventy of infechous chseases in 
humans The interacbon between climate and mfecbous dseases denves from the impact of climate 
on infecbous organisms (such as bactena and viruses), on the human host, and on vectors and 
reservoir hosts and their ecosystems Climate change can increase the probabihty of contact between 
hmans and infecbous organisms 

Vector-Borne Infecttous Dzseuses 

Temperature and ranfall influence the abundance and hstnbubon of msect vectors and 
animals--one source of infecbous dseases in humans Global climate change is hkely to affect the 
geographc dstnbuhon of animals and insects and could expand transrmssion of infectrous chseases 
camed by mosquitoes (e g , rnalana, dengue, and yellow fever) and other vectors, such as ticks, 
sandflies, and fleas Altered dstnbubons of vectors are llkely to Involve expansion of vector-borne 
hseases into new geographic areas and populahons and dsappearance from other areas For a vector- 
borne chsease to persist in an area, climatic condbons must support a complex interaction that may 
involve plants, animals, insects and human acbwhes 

Extreme events, such as floodmg and hurncanes, that lead to hsplacernent of populahons into 
crowded, temporary shelters, or movement into previously uncleared lands, could also contnbute to 
an increase in vector-borne infechons 

Vector-borne diseases are already a major cause of illness and death in tropical countrres, 
where 2 4 billion people are at nsk from malana and 1 8 billion from dengue fever (see Table 1) 
The numbers of people at nsk from these and other dseases wll  increase wth  warmer 
temperatures and humidity, particularly because these changes are occmng s~multaneously with 
changes in human behavlor that increase the dangers of infectious diseas+most notably 
internat~onal travel, population growth, rapid urbamzation, poor sanitation, and changes in land- 
use patterns that increase habitat or b m g  humans m contact wth Insect or rodent vectors 
Climate-related migrations could also contnbute to the dissemmation of premously localized 
dseases Several vector-borne diseases have been mcreasmg rapidly In recent years, mcludmg 
some that were premously considered to be under control, such as dengue fever and malana 
Strong support for public health programs both domestically and internationally would help to 
reduce this nsk 
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Non-Vector-Borne Infectlous Dzseases 

Changes in water temperature and the resulbng prohferabon of aquahc rmcroorganisms 
would tend to increase the range and seventy of cholera and other food- and water-related diseases 
that can cause epidermcs of harrhea and dysentery Cholera epidemcs are typically associated wth 
seacoasts and nvers, for instance, where the cholera organism, Vzbrzo cholerae, s w v e s  by sheltering 
under the mucous coabng of bny invertebrates called copepods These hosts, in turn, respond both to 
water temperature and to nutrients (ferhhzer, wastewater) in stream runoff Researchers are cmently 
evaluating the connecbon between water temperature, coastal currents, algal blooms, and subsequent 
outbreaks of cholera like those in Peru in 199 1 and Bangladesh in 1992 

H~gher temperatures contribute to faster reproducbon by &sease orgmsms Rates of genebc 
mutabon also increase in bmes of stress Furthermore, hseasecausing organisms are remarkably 
resilient and can respond rapldly to changes in the physicochmcal envlronrnent Cllmaac and other 
environmental changes are contnbubng to the selecbon and emergence of genebc strsuns that are 
resistant to drugs and other controls 

Dlrect Effects on Human Health 

Heat Stress 

An increase in average temperature would probably be accompanied by an increase in the 
number and seventy of extreme heatwaves in some areas This would cause an increase in illness and 
death, parhcularly among the young, the elderly, the f rd ,  and the 111, especially m large urban areas 
Cllmate change would exacerbate an already large urban heat island effect that exlsts in many large 
cibes In fact, heat-related mortality may prove to be the largest duect health threat from global 
climate change The deaths of 726 people that were attnbuted to a heatwave in Chcago in the 
summer of 1995 may be an extreme example, but ~t serves as a possible mdcator of what rmght occur 
if climate change scenarios are correct 

Mid-labtude cibes that expenence irregular, but intense, heatwaves appear to be most 
s u s c e p b b l ~ ~ b e s  like St Louis, Washington, D C , and New York Tropical and subtropical cibes 
seem to be less suscepbble, in part because populabons have acchtrzed to the regularity of hot 
weather (although a 1995 Incident in New Dehh indcates the suscepbbdity of tropical populations as 
well) PeopIe in rmd-labtude cibes mght also acclmtrze, and a r  conhbonmg can mbgate perhaps 
25 percent of heat-related mortality (while also requmng increased energy and refngerant use, 
thereby increasing greenhouse gas emssions) In adhtlon, summer m o d t y  Increases mght be 
parhally offset by decllnes in wnter mortality However, much of the research polnts to a substantlal 
increase in weather-related mortality under climate change conhbons Despite these uncatanbes, 
there is a clear need to develop an adequate warnlng system to alert the pubhc and government 
agencles when oppressive a r  masses are expected+xtended penods of extreme high temperature, 
l~ght wnds, high hurmd~ty, and ~ntense solar rahabon 
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TABLE 1 Major Troplcal Vector-Borne Dlseases and the Llkehhood of Change of Thelr Dlstnbulzon 
w t h  Cl~mate Change 

LkelIhood 
No of People of Altered 
Currently Dlstnbutlon 

Populahon at Infected or New Present wth Chmate 
Dlsease Vector h s k  (m~llion) Cases per Year Dlstnbutlon Change 

Malana hfohqulto 2,400b 300-500 mlllon Tropics/Subtropics +ft 

Schlstosomasu Water Snad 600 200 mdhon Trop~cs1Subtropics u 

Lymphatic F~lanasls Mosqurto 1,094 1 17 mllhon Trop~cs/Subtrop~cs + 

Afncan Tsetse Fly 5 9  250 000-300,000 Troplcal Amca + 
Trypanosom~asis cases/yr 
(Sleepmg Sickness) 

Dracuncullas~s Crustacean 100 I00 OOOIyr 
(Gtmea Worm) (COP~PO~) 

South AsldArablan 7 

PeIlmsulaKentral- 
West Afnca 

Lelshrnatllasls Phlebotomme 350 12 mllllon mfected, AsidSouthern + 
Sand Fly 500,000 new Europe/Ahca/ 

cases/# Amencas 

Onchocerclasls Black Fly 123 17 5 milhon AfncdLatm Amenca ++ 
Wver Blmdness) 

Amencan Tnatomme 100' 18 rn~llron 
Trypanosomlasis Bug 
(Chagas'hsease) 

Central and South t 
Amenca 

Dengue M o m t o  1,800 10-30 All Tropical Countries * 
Yellow Fever Mosquto 450 -4,000 casesly Troplcal South * 

America and Afnca 
-- -- 

NOTE + = llkely, +c = very likely, +++ = hlghly hkely, and 7 = unknown 

Top three entnes are population-prorated projections, based on 1989 estrmates ' WHO, 1995 Wchael and Bundy, 1995 
WHO, 1994a Ranque, personal commmcahon '~nnual mc~dence of vlsceral leishmamasls, annual mcidence of cutaneous 

leishmmasls 1s 1 d o n - 1  5 d o n  caseslyr (PAHO, 1994) 'WHO, 1995 

SOURCE IPCC, 1995 
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BOX 2 El N~ f io  Analogue for Long-Term Global Cl~mate change?' 

J M~chael Hall 
Director, Office of Global Programs, National Oceanrc and Atmospheric 

Admrnrstratron 
and 

Paul Epste~n 
Haward Medical School 

The El Nlfio southern oscillat~on (ENSO) may represent an analogue not only for 
larger-scale global cl~mate change and its consequences, but also for the steps that 
might be taken to mon~tor and respond to global cllmate changes that threaten human 
health Prevailing wlnds in the trop~cs create a pool of warm water In the western Pacific 
Ocean, a reglon that drlves much of the atmospheric heatlng that controls the world's 
weather Periodically, however, the trade winds relax or even reverse themselves, 
releasing thls pool of warm water and sett~ng In motlon changes In water temperature, 
sea level, and coastal currents off South America that-because they happen around 
Christmas-are known by the name of "El Nlfio " Thls oscillation in atmospheric and 
ocean condlt~ons, which normally happens every 3 to 7 years, causes not only the 
collapse of ocean fisheries in the eastern Paclf~c, but also charactenstic changes In the 
weather In other regions, including drought In northeastern Brazll and Increased 
precipltatlon In the southeastern United States (see Flgure 2) 

The lnternat~onal sc~ent~f~c community has l~nked a huge network of ocean buoys 
and remote-sens~ng satell~tes to obseNe and study the dynamlcs of the ENS0 
phenomenon lnterd~sc~pl~nary research and analys~s have led to the creat~on of 
multisector models that can pred~ct the occurrence and effects of these changes The 
ENS0 forecasts made by these models are already rellable enough to support major 
pol~cy declslons In both Peru and Brazrl, for example, governments are making 
decrs~ons about whlch crops to plant, and how many acres to cult~vate, based on 12- 
month forecasts of ENSO-related ramfall More research and refinement will be needed 
before these predlctlve models w~ll be useful In regions outslde the tropics and In sectors 
other than agriculture, includ~ng publ~c health Nevertheless, this predictive approach to 
short-term ENS0 changes may have major relevance to the study of long-term changes 
in the global climate 

ENSO-related algal blooms off Peru, for instance, are part of what appears to be 
a global epldemlc of algal blooms caused in part by warmer oceans everywhere These 
blooms represent "env~ronmental resewolrs" for microbes, such as V~bno choleme, the 
cause of cholera In humans Similarly, ~nsect and rodent populations also have Increased 
following the mild wet wlnters associated w~th El Nlio, and this can have serious Impacts 
In areas where these anlmals act as pests In agriculture or as vectors for dlseases such 
as malarla and Lyme d~sease Consequently, the abll~ty to understand and antlcipate the 
relations between global climate changes, envlronmental responses, and threats to 
human health may have slgnlflcant value In developing early warning systems to protect 
vulnerable populations Mult~disc~plinary, mult~sectoral research to develop rellable 
lndlcators could have extremely broad beneflts for publlc health 

Excerpts from a speclal brlefing at the Conference on Human Health and Global Cl~mate 
Change, September 11, 1995 
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Northern Hemisphere Winter 

I- = dry - = dry & warm 
I = wet = = wet & warm 
rn = warm m = wet & cool 

FIGURE 2 Pictoral representation of global cha te  Impact anarnohes due to ENS0 (Provided by 
NOAA, based on work of C Ropelewslu and collaborators) 

Slnn Cancer, Cataracts, and Immune Suppresszon 

Ozone deplebon can have both dnect and indrect effects on ecolog.lca1 systems and human 
health Increased exposure to ultraaolet rahabon (especially W-B) can have harmful effects on 
photosynthesis (on land and sea), mth potenbally hsrupbve impacts on food produchon and the 
stability of ecosystems The most important hrect human health effect would be an increase in 
nomelanoma slan cancers, especially ln f a r - s h e d  populahons Such cancers are already a major 
problem in the United States, mth about 1 d o n  new cases per year Furthamore, current models 
suggest a two percent increase m incidence for every one percent decrease In stratosphenc ozone 

The current scenmo for phaseout of CFCs prehcts a 25 percent increase 1n slun cancer by 
2050 at 50°N labtu.de, relabve to the 1980 mcidence Melanoma is a less frequent but far more deadly 
slan cancer, whose relabonship to W - B  exposure remsllns uncertam Both types of slun cancer have 
a long lag bme between exposure and dsease, the effects of increased W - B  may not be seen unhl 
after 2050 Increased W - B  can also be expected to increase the frequency of cataracts, whlch can 
lead to blindness in all populabons Current estimates mhcate a 0 3 to 0 6 percent Increase in new 
cataract cases for every 1 percent decrease in stratosphenc ozone Ozone deplebon may also 
contribute to the frequency, seventy, and durahon of some mnfecbous diseases due to ultrawolet's 
ablhty to suppress the immune system There are many uncert;unbes about the effect of W - B  on 
immune responses, although it appears that neither pigmentabon nor sunscreens offer effectwe 
protecbon 
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Indxrect Effects on Human Health 

Food Productron and Nutntlonal Health 

Global climate change would have mxed effects on the productmty of agnculture, livestock, 
and fishenes In tropical and subtropical areas, global chmate change may lead to droughts, flooding, 
and the emergence of new plant dseases, decreasing food producbon in many areas where food 
supplles are already insecure Meanwhle, crop producbwty may increase in other regions, mostly in 
the higher temperate labtudes such as Canada, Sibena, and Patagonia However, agricultural 
projecbons are strongly dependent on assumpbons about technologcal advances and patterns of 
consumpbon 

Over 800 mllion people are chronically undernowshed today, parhcularly in the developing 
world, and malnutnbon is an underlying cause of chddhood mortahty With further populabon 
growth, malnutnbon may increase the vulnerability of these populabons to endemc dseases and 
epidmcs Some areas may need to change crops, planbng pracbces, and bet, further increasing 
vulnerabihty d u n g  the penod of transibon Such regons mght be helped by advance warning of 
condbons that mght cause crop fdures 

Overall, models project the world may be able to produce enough food to feed future 
populahons However, changes in regional patterns of producbon could be significant, and in the 
long term, nutnbonal secwty can only be ensured through educabon and trillning, higher incomes, 
favorable market mechanisms, polibcal stability, and populabon controls 

Fresh Wate~ Quality and Quantrty 

Great spabal and temporal vanability charactenze water avadablhty Cllmate change may 
exacerbate such vanabons Today 1 billion people lack access to clean and abundant bnlung water, 
and even more are mthout adequate sanitabon Adjustments to water shortages can be managed 
where physical infrastructure (reservoirs, pipelines, and canals) and water management insbtubons 
exist Increasing populabons dependent on limted sources served by isolated systems are at more 
nsk Landscapes may erode or stabilize as precipitabon alters vegetabve cover, thus affechng runoff 
and transport of sedment and pollutants 

Azr Pollut~on and Allergens 

The same industrial processes that produce greenhouse gases wU also produce increased 
urban a r  pollutants, and they too can pose major health nsks Levels of fine pmculates (from fossil 
fuels and wood smoke) and ozone (from photochermcal reacbons) are known to be associated mth 
higher levels of hospital adrmssions for respiratory hseases Fine parhculates also appear to be 
associated wth abss ions  for heart dsease and wth general mortality In the United States, where 
illr polluhon is relatively low compared wth Mexico City and some Asian ciaes, it nevertheless 
contributes to 70,000 excess deaths and 1 mlhon addbanal hospitahzabons annually In the future, as 
global increases in energy producbon lead to hgher levels of partmlates, and increases in 
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temperature and ultrawolet radatron accelerate the reactrons that produce ozone and other secondary 
pollutants, the health effects of a r  pollutron on a global scale could be staggering Higher 
temperatures and h m d t y  may also lead to higher concentra~ons of plant pollen and fungal spores 
that cause allergc hsorders such as asthma and hay fever 

Weather Disasters and Rising Sea Level 

El Nfio is associated w~th increased ranfall and floods in some regons Long-term chmate 
change over the entrre planet may result in an increase in extreme weather events, such as droughts, 
floods, and cyclones These events could increase the number of deaths and injunes and the incidence 
of infectrous mseases and psychologcal hsorders, as well as causing inkrect effects through food 
shortages and the proliferatron of hsease vectors 

A 40-cenbmeter nse in sea level would approximately double the number of people who are 
currently exposed to floodng each year in areas hke Bangladesh It could also contnbute to the loss 
of coastal and delta farmland, as in Egypt, and to the destructron of food supplies hsmg sea level 
also increases the vulnerabihty of costal citres, low-lymg areas, and small islands to damage d m g  
storms 

Social and Demographzc Dalocatzons 

Global climate change would alter patterns of employment, wealth &stnbubon, and 
populatron settlement throughout the world Physical confhcts rmght also anse over depleted 
environmental resources such as farmland, surface water, and coastal fishenes Biohversity would 
also be affected (see Box 3) The greatest destabilinng effects would hkely be experienced in areas of 
Afhca which are already highly vulnerable At the same bme, populatrons may be movlng out of 

How cl~mate change may affect health 
Memating Process Health Outcomes 

DIRECT Thermal extremes J-- Heat and cold related 
EFFECTS (e g heatwaves) ~llness and death 

Increase m weather msasters Deatbs mjunes and psychologcal 
hsorders 

Range/achvity of vectors Alteredrangelpattern of vector 
and mfechve agents b m e  d~seases 

Water and fwd b m e  ~ m h e a l  and other mfechous 
mfechve agents diseases 

Altezed fwd (especially Malnutnhon and hunger 
crop) produchnty nnpa~ed child development 

Sea levelnse with In]nnes mfechm (migrahcm, 
populamnreplacment ' aowdmg contammated water) 

psycholog~cal d~sorders 

Changes ln au polluhon ---.t Asthma and allergies other 
lncludmg pollens and spores respuatory msorders 

Sonal-dmographlc -Many public health 
dwlocahons due to assorted consequences (mcludmg clnl 
clmate-change mpacts stnfe7) 

FIGURE 3 Ways in which global chmate change may affect human health (Adapted from IPCC, 1995) 
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troplcal and coastal areas and into cooler mlderness areas where they w11 be exposed to new and 
unfiimhar health threats 

From another point of mew, the d~fficulty of respondmg to global climate change lles in the 
rapid pace of the change-the projected rate of change is greater than has occurred on earth in the 
past 10,000 years Although it appears that some of the global cllmate changes may be dealt wth by 
the industrial world, adaptabon wll be more mfficult in the developing world The pace of global 
climate change may be comphcated by an inadequate pace of insbtubonal change 

POLICY IMPLICATIONS 

At the end of the first day of the conference, presentabons were made on potenbal policy 
implicabons for health surveillance, hsease prevenbon, and health professlonal educabon In 
adhhon, a special address was made by Bnan Atwood, adrmnistrator of the Agency for Internabonal 
Development, on "Implicahons for Internabonal Cooperabon" (see Box 4) These presentahons 
served as background and introducbon for the breakout and worlung group panel d~scussions that 
occurred on the second day, informabon from those presentahons has been integrated into the panel 
reports that follow 

Panel Reports 

The second day of the conference was organized around six concurrent breakout and working 
group panels that considered the pohcy implicabons of global climate change and human health The 
six panels were (1) Global Surveillance and Response, (2) Disease Prevenbon, (3) Educabon for the 
Mehcal and Public Health Cornrnunibes, (4) Internahonal Cooperabon, (5) Research and 
Development Needs, and (6) Public Outreach and k s k  Communicabon 

These panels were asked to work from the assumpbon that global climate change would 
occur, and that its impacts on human health would be more or less as descnbed in the foregoing 
&scussion Worlang from that assumpbon, the panels were charged with addressing the quesbon, 
"What do we do about it?" That is, what strategc acbons could, and should, be taken to anbcipate 
adverse health effects before they occur and to reduce or mbgate those effects when they do occur? 
In adhbon, the panels were asked to idenbfy both short-term (1 to 5 years) and long-term (5 to 25 
years) strateges 

The followng summanes reflect the indmdual group chars' sense of the parhc~pants' 
&scussion in their respecbve worlang groups, further ~llurmnated by the matmal presented in plenary 
sessions on the precedmg day 
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Global Suwezllance and liesponse3 

The emergence of new hseases and the reemergence of farmliar hseases represent a senous 
threat to many regons and, indeed, in a shnnlung world, to the enhre human species In the future, 
therefore, it wll  be cnbcal to have in place an integrated, worldwde surveillance and response 
mechanism for emergng infecbous hseases The purpose of such a system would be to shorten the 
bme between the detecbon of the first case and the implementahon of effechve measures for 
treatment, prevenbon, and control To the degree possible, therefore, it should also include 
surveillance for the vmous changes in c h a t e  and environment that may provlde early warning signs 
of the possible outbreak of hsease 

The wtal elements of such a system are (a) a rapid and comprehensive communicahons 
network, (b) accurate, reliable, laboratory-based hagnosis capab~lihes in host countnes or regonal 
centers, and (c) a mechanism for rapid response The hcboning of this system would also be illded 
by heightened cooperabon among nahonal and internabonal health organizahons In the end, the 
creahon of an integrated, worldwde system to monitor the occurrence and emergence of disease 
could become the most important internabonal health pohcy inibahve of the twenty-first century 

The breakout panel reported that the most important problem in this area is the creahon and 
mntenance of a cnhcal mass of mulhhsciplinary experhse Short-term strateges to address this 
problem mclude personnel exchanges, cross-trillning, and the establishment of a Vice Presidenbal 
Fellowship Program Long-Term strateges include the encouragement of mulb&sciplinary traning at 
all levels of relevant fields 

The panel also endorsed exher reports calhng for the creahon of an ~nternahonal consortmn 
to address climate-related issues One hfficulty in doing this is the need for polibcal wll and 
interagency and global coordmabon A short-tern strategy would be to complle an inventory of 
exisbng resources and facilibes that mght become part of the effort, including sites and projects 
studyng the environment and climate that could provlde remote-sensing data and other indicators for 
health surveillance There was no consensus on which agency should serve as the focal point for this 
coorhnabon wthin the United States, although the Centers for Disease Control and Prevention, the 
NAS, the IOM, and the interagency Comtmttee on Internahonal Science Engneenng and Technology 
(part of NSTC) were offered as canhdates There was agreement, however, that the United States 
could not carry out this mssion alone, it wll be necessary to work wth the resources, facilibes, and 
inshtubons of other countnes and internahonal organizabons 

Finally, the importance of global surveillance and response was d~scussed as being cnbcal to 
nabonal secunty because d t a r y  forces mght need to be deployed to virtually any area of the world 
on short nohce Knowledge of ernergrng diseases and theu- potenbal Impact on rmlitary operahons 1s 
of great importance in the preparabon of countermeasures to avoid such threats, reduce their impact, 
and provlde a rapid response to outbreaks 

3 ~ r  Ruth Berkelman, deputy director, National Center for Infectious Diseases, Centers for 
Disease Control and Prevention, cochaired this panel and summanzed their &scuss~on and fin&ngs 
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Strategzes (see also Table 3) 

Short-term strateges 
Create and m n m n  a cnbcal mass of mulh&sclplmary experbe 
C o m s s ~ o n  the NAS or the IOM to conduct a study of the problem 

Long-term strateges 
Encourage mulbhsclphnary trilln~ng at all levels of relevant fields 

The reemergence In the Amencas of mfecbous hseases that had been controlled In the past, 
such as cholera, plague, and dengue, as well as the emergence of new infecbous agents, such as Hanta 
and Guananto vlruses, E coli 0 157, and cgptospondza, have had a hrect Impact on health policy 
and prevenbon efforts Over the past several years, governmental and nongovernmental organlzabons 
have been worlang closely to mohfy health pohcy to place more emphasis on hsease prevenbon A 
major concern of these efforts are the changng dynarmcs of hsease transmssion, which are 
Influenced by mgrahon, land use, and envlronmental degradaaon 

Many llnes of acbon are belng examned as ways to prevent hseases One requirement for 
any response w11 be flexlble management w th~n  the health sector closest to the vulnerable populabon 
to allow it to adapt to changng patterns of hsease In adhbon, the wde impact of infecbous hseases 
such as AIDS reqwres a policy of increased intersectonal cooperabon-that is, there must be flud 
and open communlcabon and management of health problems among health, envlronmental, and 
agricultural secbons, supported by competent research that 1s based on careful pohcy analysis 
Parhclpants beheved that pohcy reform, combined wth broad publlc support gamed by effecbve use 
of the mass meha, wll allow us to confront the health problems caused by global climate change and 
envlromental degradabon 

Polic~es for hsease prevenbon and control usually involve three responses (1) removal of the 
hazardous exposure, (2) early detecbon (and invesbgabon of the occurrence of hseases), and (3) 
treatment and control measures, such as prophylactic therapy Pnmary prevenbon mght include 
vaccinatmg chrldren or dranlng stagnant pools where mosqutoes breed In deahng wth the health 
effects of global cllmate change, however, ~t would reqmre prevenbng and even reversing greenhouse 
wamng Itself This lund of "prepnmary" or "pnmorhal" prevenbon would be deslrable but was 
beyond the scope of this conference Nevertheless, there are sbll many acbons that mght be taken to 
mhgate the health effects of global cllmate change, especially In terms of anhclpahng what those 
effects w11 be and whlch populahons are most at nsk 

Secondary prevention involves surveillance and early screemng-the collec~on, analysis, and 
dissermnaaon of perhnent data-and terhary preventron involves responses-plans and facllibes for 
rapid diagnosis and effectlve treatment to keep a &sease from progressing Secondary and terhary 

4 ~ r  Jonathan Patz, research associate, Johns Hoplans School of Public Health, cochaired thls 
panel and summanzed their discussion and findlngs 
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BOX 3 Ecology, Ep~dem~ology and Cl~mate changen 

Thomas E Lovejoy 
Smrthsonran instrtutron 

Altered levels of greenhouse gases like CO2 constitute an important environmental 
change by themselves in addition to those changes driven by the altered levels F~eld 
studies of the effects of elevated C02 on natural communities are limited at thls polnt Bert 
Drake's two-species marsh community at the Smithsonian Env~ronmental Research 
Center-the longest running field experiment-shows that plants w~th a C4 photosynthetic 
pathway (e g , a sedge) have a definite competitive edge over C3-pathway species (e g , a 
grass) Within a group of Cd or CJ plants, however, it is not possible to predict in advance 
how various species will respond to higher levels of C02 An inltial study of part of a tree 
subjected to 2 months of elevated CO2 in a Panamanian rainforest led to yellowing of ~ t s  
leaves and reduced photosynthesis It appears that the excessive accumulation of 
carbohydrates inhibits photosynthesis, with consequent high irradiation stress, 
photodamage, and loss of chlorophyll The rest of the tree seems incapable of drawing off 
the excess photosynthates This is, of course, different from a tree experiencing a GO2 
increase occurring over years and decades or a tree that grows up in a high-C02 
environment 

Of course, cllmate change will ~nclude not only C02 elevation but also changes in 
temperature regimes, rainfall, and other hydrological patterns There are almost no field 
experiments yet that combine more than a single one of these factors Nonetheless, it is 
clear from the above findings that it is a mistake to think of elevated C02 alone as a benign 
fert~lizlng factor for plants Rather, ~t is important to recognize that elevated C02 and 
associated climate change will instigate a cascade of effects that will ripple through natural 
communities with hard-to-envislon epidemiological consequences 

Paleoecological evidence relating to climate change dunng glac~al/interglacial 
swings indicate rates of dispersal for plant species, especially trees, that are much slower 
(1110th) than those projected by climate models It is simply not known whether species 
could move faster In addition, it is well known in North America and Europe, and to a 
lesser extent in the less studied tropics, that biological communitles disassembled during 
those climate changes and different species moved at different rates and in different 
directions Ultimately, species assembled in communitles of different composition The 
implications for epldemlology are difficult to envision, although worrisome 

Cllmate change, whether human or naturally driven, will take place in landscapes 
that have been highly modified by human activity This will dramatically lower opportunities 
for dispersal and consequently generate considerable extinction of species-that is, a 
reduction in biological diversity 

What are the implications for human health? It IS hard to be precise and to provide 
a lot of detail Nonetheless, an abundance of changing relationships between species will 
undoubtedly affect epidemiology Some changes, of course, may be beneficial, but the 
balance are likely to be detrimental because weedy species such as white-talled deer will 
be favored over nonweedy specles It seems reasonable to anticipate epizootics and 
epidemics without any precedents 

In addition, loss of biodiversity will impoverish the potential of biotechnology to 
contribute to the wealth of nations and will similarly diminish the potentlal of the life 
sciences to contribute to human health, wealth, and well-being 

*~xcerpts from a special briefing at the Conference on Human Health and Global 
Cllmate Change, September 11,1995 
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prevenhon strateges are needed in most if not all nabons However, the creabon of a global 
surveillance and response capability wll  require unprecedented mnternahonal collaborahon, including 
a sof'temng of the trahhonal boundmes between sectors, agencies, and nahons Nongovernmental 
organizabons and the media also have a important role to play in educabng the populahon, wthout 
fhghtening them, and possibly chmgng some of their more destruchve behaviors (see "Public 
Outreach and h s k  Commicahon," p 24) 

The breakout group recommended that prevenhon achmhes focus on anhclpatory, rather than 
reachonary measures It idenhfied six pnonty areas that overlap and Incorporate those of other 
breakout groups 

1 targeted, zntegrated suweillance that focuses on transibonal zones and vulnerable 
populabons, 

2 changes zn medical educatzon that incorporate environmental health into curriculum and 
board exams, 

3 znternatzonal cooperatzon through informahon shanng and surveillance networks, 
4 methodologzcal research to evaluate prevenbon and intervenhon programs and to 

idenhfy vulnerable populabons, transihon areas, and other nsk factors, 
5 publzc educatzon and outreach amed at policymakers as well as vulnerable popu-lahons, 

especmally children and the elderly, and 
6 publzc health znJFastructure to conduct (a) research and (b) vaccine and exposure 

reduction programs 

Strategzes (see also Table 3) 

Short-term strateges 
Compile an inventory of exishng resources and fac~libes to study the environment and 

climate that could promde remote-sensmg data and other inmcators for health surveillance 

Long-term strateges 
Refocus or develop the public health infrastructure 

Educatzonfor the Medical and Publzc Health ~ommunltze$ 

Despite increasing emdence that global climate change and ozone deplehon may have senous 
consequences for human health, there is little understanding, both among policymakers and the 
pubhc, of the extent of this potenhal threat Physic~ans and pubhc health professionals should be 
central figures in helping to promote an understanhng of the health effects associated mth climate 
change, but they are by and large uninformed about the topic, as their educahon does not, in general, 
cover the relahonship of global environmental change to human health 

' ~ r  Max Lum, &rector, Office of Health Communicat.zons, National Inshtute of Occupational 
Safety and Health, cochared this panel and summanzed themr dmscussion and findmgs 
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Physicians, nurses, and other health professionals have a wtal role to play in responding to the 
health effects of global chmate change At present, however, physicians do not receive adequate 
trsuning m occupabonal and enwronmental medicine, much less in the mdca l  problems ansing from 
global climate change, such as tropical hseases appeamg in temperature zones In the United States, 
for example, although two-thirds of mehcal schools include occupabonal and enwonmental health 
in their cmcula, the average student receives only 6 hours of exposure to these subjects over 4 years 
of study The sltuabon is somewhat better In schools of public health Yet for both mehcal and public 
health students in the Umted States there is essenbally no trine aviulable in the curriculum to address 
the potenhal human health consequences of global climate change For most professionals their 
pnncipal source of informabon on global enwronmental health are mcles in the scienbfic hterature 
and conferences sponsored by nonprofit organizabons 

The breakout group agreed that health professionals should play a cnQcal role in addressing 
the health effects of global climate change The central quesbons panehsts posed were (a) what do 
health professionals already know, (b) what do they want to know, and (c) what should they know 
As a short-term strategy, the group recomended that the IOM and NAS conduct a study to idenbfy 
core competencies and traimg mechanisms In the area of human health effects of global climate 
change, smlar to a recent IOM study of enwronmental mehcme (1 995) 

Global chmate and health issues should be incorporated mto mehcal board exams, reflecbng 
the importance of this subject for the triuning of physicians The IOM and NAS mght also broker 
efforts to promote faculty development in ths  area and to create centers of excellence in medical 
schools that would develop curricula in human health and global climate change The group also 
recommended conductmg a study to idenbfy exishng government and industry progrms that protect 
workers from the effects of ultrawolet expome Such an acbwty could also increase awareness of the 
hazards of stratospheric ozone deplebon 

These efforts should be coordmated mth those of professional, educabonal, and pubhc 
semce organizabons Health professionals should also help in developing educabonal matenals and 
in presenbng informahon to policymakers and the general public to help increase mderstanhng of 
the health implicabons of envlronmental policies These efforts should include the special needs of 
populabons such as w a n t  workers and rmnonbes that mght not have adequate access to health care 
informahon In the long term, it wll be Important to monitor the effecbveness of these and other 
programs and, more importantly, to dssermnate their results 

Strategzes (see also Table 3) 

Short-term strateges 
Have the IOM or NAS conduct a study to ~denhfy core competencies and traning 

mechanisms in the area of global enwronmental health, sirmlar to a recent IOM study of 
envlronmental mehcine 

Idenbfy and study exisbng government and industry programs designed to protect workers 
from the effects of exposure to the sun 
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BOX 4 lmpl~catlons for lnternatlonal ~ooperat~on* 

Br~an Atwood 
U S Agency for lnternatronal Development 

By worklng closely wrth our develop~ng country partners, the U S Agency for 
lnternat~onal Development 1s able to facll~tate the subtle but crlt~cally Important changes that 
raise awareness of the threats of cllmate change and help to shape preventatwe and 
responsive measures Our work has Informed other donors and encouraged them to Invest In 
solut~ons we need Developlng countrles In particular are on the preclplce of global 
envlronrnental change They soon will be the leadlng source of greenhouse gas emlsslons, 
and the resultlng cllmate change will take a heavy toll on thelr crowded coastal areas and 
fraglle ecosystems The extraordlnary b~ologlcal wealth of these countrles IS already 
threatened by poorly planned development that undercuts the natural capltal they and we need 
for the future 

Energy consumpt~on and one of ~ t s  unwelcome by-products, pollution In the form of 
carbon emlsslons, are growlng fastest In develop~ng countrles and In countnes whose 
economies are In transltlon Developlng countrles are also expenenclng rapld rates of 
deforestation and ecosystem degradat~on, whlch elrmlnates a primary slnk for greenhouse 
gases For example, over the last decade, 154 mllllon hectares of troplcal forests, equ~valent 
to more than three t~mes the land area of France, have been lost to other uses The rate of that 
loss of blomass, espec~ally In develop~ng countr~es, IS alarmlng 

The resultlng envlronrnental degradations and mlsuse of natural resources create 
opportunlt~es for new dlseases, or old ones, to take hold We use the phrase "emerglng 
dlseases," yet for mlll~ons of people the new vlruses have already emerged, and they have 
already clalmed the llves of loved ones The word "emerglng" slmply does not convey the 
urgency we sense Only yesterday we were convinced that sclence had overcome the assault 
of these lnfectlous dlseases Advances In antlblotlc drugs, vacclnes agalnst childhood 
dlseases, and Improved sanltatlon technology all seemed to be wlnnlng the day The ~nc~dence 
of pollo, whooplng cough, and dlphthena were decllnlng Fast-actlng antlb~ot~cs reduced the 
threat of menlnglt~s and bacter~al pneumonia But we now know that our euphorla was 
premature We d ~ d  not take Into account the extraordlnary reslllence of lnfectlous m~crobes, 
whlch have a remarkable ablllty to evolve, adapt, and develop resistance to drugs Thus, 
dlseases that were once thought to be under control have reemerged There are many of 
these reemerging dlseases, and they just do not appear only In the develop~ng world 
nowadays We find them In New Mexlco, In Minnesota, In Vlrgln~a, and In New York Around 
the world there IS a resurgence of cholera, malarra, and yellow fever, often In drug-res~stant 
forms And of course, there IS HIV and AIDS 

We belleve that global problems must be resolved at the local level We know that 
these efforts must be alded by new breakthroughs In science and technology Investment In 
research IS essential ~f we are to keep up wlth the effects of ecological change The battles we 
must frght agalnst new microbes, new forms of crop blight, the spread of desertrficat~on new 
forms of pestilence, and the rapld populat~on growth make research more Important than ever 
We face a dynamlc, rapldly accelerating set of new challenges, yet we are at rlsk of falling 
desperately behlnd the curve, as the changes we advertently and Inadvertently Introduce run 
far ahead of our resources and our knowledge base Research IS not l~ke tap water It cannot 
be turned off and on again w~thout serlous consequences To be successful In these efforts, 

Excerpts from remarks at the Conference on Human Health and Global Cllmate Change, 
September I I, 1995 
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BOX 4 Contrnued 

governments must continue their support of the scientific community This will require 
considerable efforts by federal agencies, by our university partners, and by nongovernmental 
organizations The private sector is our natural partner However, it does not cover the entire 
spectrum of research 

It is dangerous to assume that the unfettered hand of Adam Smith will lead to the 
Investments we need to deal wlth International health and environmental threats to the United 
States That will require a coherent and cost-effective foreign assistance program backed by 
sound pollcles and global cooperation We are uniquely placed as a natlon to help the rest of 
the world meet these challenges Our quality of life In the next century will be determined in 
large measure by how we meet the global challenges of today Science and technology give 
us the tools we will need to meet the challenges of tomorrow 

Long-term strateges 
Monitor the effechveness of these and other programs and, more importantly, dIssem- 

inate their results 
Incorporate queshons about climate-related health issues on mebcal board examnahons 

Internahonal G'ooperahon6 

Global climate change is believed to cause a wde vanety of deletenous effects including 
deserhficabon, changes in agricultural patterns, and bsease These effects are both duect and inbrect, 
and the causes may be elther natural or manmade To the extent that global chmate change and its 
Impacts are influenced by hurnan achvlty, methods must be found to mbgate, adapt to, or respond to 
them The U S government is obligated to exercise leadership at home and abroad to ensure that 
responses are appropnate and hmely 

Every human being is vulnerable to the effects of global chmate change, but the cibzens of 
developing countrres and regons face the most immehate dangers In those areas, both climafic 
change and the need for responses to ~t may be greatest, but the avalable resources for addressing 
them is most limted Clearly, the prevenhve and responsive measures we use to deal wth global 
climate change and its effects must involve every affected person and operate society-wde 

The breakout panel reported that many of the necessary systems and networks for 
internabonal cooperabon are already in place-the United Nahons Environmental Programme, the 
World Health Organlzabon, UNICEF, and networks of collaborahng centers What is requlred is 
Improved coordmabon among exishng systems to place the health effects of global climate change on 
their respechve agendas and to ensure a two-way flow of info~~nahon among them The panel found a 
pmcular need to improve the llnks between agencies and organizabons that conduct climate 
forecasbng, health plannmg, health surveillance, and the implementahon of health programs 

6 Dr Rudi Slooff, Divlsion of Enwonmental Health, World Health Organlzatlon, cochaired this 
panel and summanzed their discussion and findings 
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One short-term strategy would be to incorporate health effects monitoring and reporhng into 
existmg global climate change acbmbes, such as the Framework Convenbon on Climate Change 
program and the United Nabons-sponsored "Climate Agenda " Another strategy would be to look for 
the health effects of global climate change in the infornabon already gathered for the ongoing U S 
Country Study Program These efforts wll be ineffecbve, however, unless they are accompanied by 
increased efforts to promde relevant mfornabon to nabonal and internabonal policymakers 

In the long term, the panel recommended that global chmate change and health issues be 
incorporated into susmnable development plannmg, not only by inQmdual nabons, but also by the 
World Bank, the United Nabons Development Program, the Food and Agnculture Organizabon, and 
sirmlar organlzabons By the same token, health and climate planning should be broadened to include 
related enmronmental issues such as bioQversity This, in turn, requlres that stakeholders have better 
access to the informahon gathered, analyzed, and hssemnated by the global surveillance system 
Qscussed by other breakout panels 

Strategzes (see also Table 3) 

Short-term strateges 
Incorporate health effects monitomg and reporhng into exisbng global climate change 

programs 
Look for the health effects of global cllmate change in the informa'non already gathered 

for other programs 

Long-term strateges 
Incorporate global climate change and health issues into susmnable development 

plannmg, not only by inQvldua.1 nabons, but also by the World Bank, the Umted Nabons 
Development Program, the Food and Agnculture Orgamzabon, and s d a r  organizabons 

Broaden health and climate planning to include environmental issues such as biohversity 

Research and Development ~ e e d s ~  

Rather than enumerate the many specific research topics that need to be addressed, the 
breakout panel emphasized the need for an integrated, mterQsciplinary R&D program that wll 
encourage collaborabon among experts and organizabons from a mde range of fields and Qsciplines 
Achievmg this w11 probably reqwre a concerted effort to overcome the boundaries that currently 
separate scienbfic Qsclplines, research insbtubons, budgetary programs, h Q n g  agencies, and 
internahonal sponsors In the United States, for example, funcZlng would probably come from a 
consorhum of federal agencles rather than from a senes of small, fragmented programs 

The research problems addressed by this program should Include cllmabc vanatxons that 
already pose health nsks, as well as future effects of global climate change 

-- 

7 Dr Davld Rall, foreign secretary, Institute of Mehcine, cochaired this panel and summanzed 
the~r discussion and findmgs 
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Strategzes (see also Table 3) 

Short-term strateges 
In the short term, the panel proposed that the program undertake pilot projects involvlng case 

stukes that integrate three sets of vanables 

1 znfecaous dzseases (e g , cholera, dengue, malana, and Lyme hsease), 
2 mechanzsms of suscepkbzlzty (e g , W - B  and immune suppression, fine parlxulates, and 

carhovascular or pulmonary hsease), and 
3 global change dmers that mght exacerbate or mhgate these problems (e g , population 

growth, economc development, and urbanlzahon) 

Possible models for these case stuhes are the Technical and Scienhfic Assessment and the 
Uruted Nahons Intergovernmental Panel on Chmate Change The case stu&es themselves could be 
performed by intemahonal orgamzahons, by pnvate groups, or by the IOM or NAS 

Long-term strategres 
The long-term goals of this program would be to idenhfy and address gaps in current 

knowledge, and to &ssermnate and apply the lessons learned from the case stuhes 

Publzc Outreach and Risk ~ommunzcatzon~ 

Despite a wealth of scienhfic stuhes and technical informahon, the general public is not well 
informed on the relabonship between global climate change and human health Several partxipants 
made the analogy to the hfficdhes of infomng the public about the dangers of nuclear war Such 
informabon is hghly techcal, far removed from the common expenence, dsconcerhng to 
contemplate, and ofien undemned by a vocal opposibon As a result, the first step in any outreach 
campagn would be to assess the informahon (and &sinformahon) that is already avalable to 
deterrmne what further steps mght be appropnate 

The breakout panel endorsed the pnnciples of nsk communicatron that are embohed in the 
10-step strategy outhned in Table 2 The pnmary long-term goals of ths  strategy are (1) involvlng the 
public by encowagng awareness and c22scussion, and (2) bmlhng bndges between the mehcal and 
environmental communihes In both cases, the panel recommended worlung through exishng 
networks and infi-astrucctures, inihally targehng opinion leaders but &ng use of the full range of 
formal and informal mtermehanes to reach broader au&ences-not only churches and newspaper 
ehtors, for example, but also Boy/Girl Scouts and television weathermen, as well as mecZlcal 
associabons, senior cihzens' associahons, and schools 

' ~ r  William Farland, &rector, National Center for Envlronrnental Assessment, Environmental 
Protection Agency, cochmed this panel and summanzed thelr discussion and findings 
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TABLE 2 Developing a k s k  Communicabon Strategy for Global Chmate Change 

Step 1 Revlew background informabon (What messages are already out there?) 

Step 2 Set communicahon ob~edxves (What do we want to accomphsh?) Example hcrease 
pubhc awareness about the public health mphcations of global clmte change 

Step 3 Analyze and segment target aulences (Whom do we want to reach?) Example 
Construct comrnutllcations based on auhence att~tudes 

Step 4 Develop and pretest message concepts (What do we want to say?) 

Step 5 Select commun~cabon channels (Where do we want to say it?) 

Step 6 Create and pretest messages and products (How do we want to say ~t?) 

Step 7 Develop a promobon plan (How do we get it used?) 

Step 8 Implement commun~cahon strategres and conduct a process evaluabon (Let's do itt) 

Step 9 Conduct outcome and Impact evaluabons (How well &d we do?) 

Step 10 Feedback to Improve commun~cahon effedxveness (Where do we go fiom here?) 

Strategzes (see also Table 3) The panel idenbfied the followmg short-term achon items, 
which mght serve as the foundabon for long-term efforts 

Idenbfy, contact, and Infuse exishng networks mth health concerns related to global 
climate change Use these networks as a feedback mechanism to find out what further informahon the 
public wants or needs 

Dish11 the informabon generated by the present conference for dissermnabon through 
journal arhcles, ehtonals, op-ed pieces, targeted brochures, public semce announcements, 
infonnatronal vldeos, or a home page on the World Wide Web 

Establish a volunteer group or forum to conhnue the communicabon achvlhes suggested 
or actually begun dmng the present conference 

Develop a response capability to counter chsmformahon 
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SUMMARY OF PRIOlUTlES AND STRATEGIES 

Partrcipants voiced a clear message throughout the conference Changes in global climate 
would pose substanhal nsks to human health, both in the near and long-term They also hoped that 
their efforts would help mobilize oplnion and acbon toward the implernentabon of strateges that 
would occur as far "upstream" as possible 

Conference part~cipants idenhfied and described a number of acbons that could be taken to 
address these potenhal threats These strateges are summanzed in Table 3 and share certam common 
threads 

idenhfy and work wrth exisbng resources, facdihes, networks, and informabon, 
encourage greater coordmahon and collaborabon among relevant organizabons, 

disciplines, nabons, and h d m g  agencies, 
create from these inshtuhons and fundmg sources an integrated worldwrde network for 

surveillance and response to in&cators of global climate change and exnergng dseases, 
support mulb&sciplinary research to detemne linkages among global c h a t e  change, 

food produchon, and human health, 
provlde appropnate triunmg for researchers and health professionals, includmg the 

creahon of centers of excellence and the enhancement of faculty, and 
establish ~nformahon and outreach programs 



TABLE 3 Summary of Suggested Strategies Emanating fiom the Worlung Group Sessions 

Imalications for Short-Term Strateeres 

Global surveillance 
and response 

Create and m u t a m  a cntical mass of multi&sciplmary expertise 

Commission the Nahonal Academy of Sclences WAS) or the Institute of 
Memcme @OM) to conduct a study of the problem 

Dlsease prevenuon 

Education for the medlcal 
and publlc health 
cornmunitles 

Intematronal cooperation 

Research and development 
@&D) needs 

Publlc outreach and nsk 
commucatlon 

Comprle an mventory of exlsting resources and faclllties to study the 
enwonment and cllmate that could provlde remote-sensmg data and other 
mdrcators for health surve~llance 

Have the IOM or NAS conduct a study to identlfy core competencies and 
tramng mechamsms m the area of global envuonmental health, smllar to a 
recent IOM study of environmental medicme 

Identlfy and study existlng government and Industry programs des~gned to 
protect workers from the effects of exposure to the sun 

Incorporate health effects monltonng and reporting mto exlsting global 
clmate change programs 

Look for the health effects of global clmate change m the mformation 
already gathered for other programs 

Create an mtegrated, mter&sciplmary R&D program that would encourage 
collaborahon among experts and orgmzatlons from a wde range of fields 
and dsciplmes Such a program would undertake p~lot  projects lnvolvmg 
case stumes that Integrate (a) mfectious and other diseases, (b) mechanrsms 
of suscephbilrty, and (c) global change dnvers that mrght exacerbate or 
mihgate these problems 

Establ~sh a volunteer group or forum to contlnue the commucahon 
actlvltles identified and dscussed at t h ~ s  conference 

Long-Term Strategies 

Encourage multl&scrplmary t r m g  at all levels of 
relevant fields 

Refocus or develop the public health mfrastructure 

Monitor the effectiveness of these and other programs 
and, more importantly, dissemmate thelr results 

Incorporate questions about chmate-related health Issues 
on memcal board exammatlons 

Incorporate global clmate change and health issues into 
susbnable development plannmg, not only by mdivrdual 
nations, but also by the World Bank, the Uuted Nahons 
Development Program the Food and Agriculture 
Orgmzatlon, and smrlar orgmzatlons 

Broaden health and clrmate plannmg to mclude envl- 
ronmental Issues such as bio&verslty 

Idenhfy and address gaps m current laowledge, and 
mssemmate and apply the lessons learned from the case 
studies 

(a) Involve the publrc by encouragmg awareness and 
&scussron, and @) bmld bndges between the memcal 
and enwonmental commumhes 
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Abstracts of Conference Presentations 

GEORGE ALLEYNE, M D 

The reemergence in the Amencas of infectlous disease that had been controlled In the 
past, such as cholera, plague, and dengue, as well as the emergence of new lnfectlous agents, 
such as Hanta and Guananto vlruses, E coli 0 157, and cryptospondia, have had a direct impact 
on health policy and the prevention of dlsease Over the past several years, governmental and 
nongovernmental organizabons have been worhng closely to modify health pollcy in order to 
place more emphasis on disease prevenbon A major concern is the changmg dynamics of 
dlsease transmission, whlch is Influenced by migrabon, land use, and envlronmental degradabon 
Many lines of action are belng perused to prevent infectlous dlseases One requirement is 
flexible management mthin the health sector, whlch is close to the populabon and that can adapt 
to the changlng patterns of disease In addition, the wde  Impact of infecbous dlseases, such as 
AIDS, mandates a policy of increased intersectonal cooperabon There must be fluid 
communication and management of health problems among the sectors of health, environment, 
and agriculture, supported by competent research based on policy analysls It is believed that 
policy reform, comblned mth broad public support gamed by effective use of the mass media, 
mll allow us to confront the health problems caused by cllmate change and envlronmental 
degradation 

J BRIAN ATWOOD 

Climate change is belleved to cause a mde vanety of deletenous effects, Including 
desertxficatlon, change in agricultural patterns, and disease The effect is both dlrect and mdirect, 
the causes may be either natural or manmade To the extent that cl~mate change and its impacts 
are Influenced by human acavlty, methods must be found to mittgate, adapt, or respond The 
U S government IS obligated to exercise leadership at home and abroad to ensure that responses 
are appropnate and timely 

Who IS at nsk7 Every human belng is vulnerable but the citizens of developmg countries 
and regions face the most immediate dangers In those natlons, climatic change and the 
necessary responses may be greatest, but avalable resources are most llrmted Clearly, the 
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preventive and responsive measures we employ to deal wth cllmate change and its effects must 
Involve every affected person and operate society-wde 

ERIC CHIVIAN, M D 

Desplte mcreasing evldence that climate change and ozone depletion may have disastrous 
consequences for human health, there is little understanding, either among policy-makers or the 
public, of the extent of the posslble threat to human life Phys~cians and public health 
professionals should be central figures in helping to promote this understanding, but they are by 
and large uniformed, as then education does not in general cover the relationshp of global 
envlronmental change to human health Ths  presentation shall look at the role of the medical 
and public health conmunlties in global enmronmental Issues, such as cllmate change and ozone 
depletion, and shall address the growmg need for their educa~on and involvement 

RITA R COLWELL, Ph D 

The ongn and cycllcal nature of cholera has intrigued sclentlsts and public health 
officials Robert Koch postulated enwonmental ongins of cholera, but proof was not established 
until the tools of molecular biology and immunology were available Work on envlronmental 
aspects of cholera dunng the past 20 years has revealed an association of Vzbno cholerae with 
zooplankton and mmne and estumne systems Furthermore, the capabihty of V cholerae to 
enter a dormant, that IS, vlable but nonculturable state, has offered an explanation for the 
inability to Isolate ~t between epidemics With fluorescent monoclonal ant~body and gene probes, 
coupled wth PCR amplification, ~t has been possible to detect and monitor V cholerae in the 
environment Furthermore, it has been shown that plankton blooms are correlated wth increased 
incidence of V cholerae Studies c m e d  out In Bangladesh provided the lrnk between cholera 
outbreaks and plankton populations Studies in progress, employing satellite imagery, w11 
permit retrospective and prospective analyses of mmne plankton and the cholera outbreak in 
Latm Amenca d m g  1991-1992 The El Nifio event appears to be closely associated wth this 
cholera outbreak Perturbations of the mame ecosystem may be the key to the eratic, cyclical 
nature of cholera epidemics 

STEPHEN C JOSEPH, M D , M P H 

Global surveillance is cntical to national secunty and plays a vital role m the mlssion of 
the Department of Defense (DoD) Military forces can be deployed to mrtually any area of the 
world on short notice, knowledge of emerging diseases and thelr potential impact on military 
operations greatly assist us in prepamg countermeasures to avoid such threats, reduce thelr 
impact, and provlde a rapid response to outbreaks At present, three things need to be 
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accomplished First, DoD-using exisbng resources-mll establish a surveillance and response 
capability in its overseas laboratones Second, along mth other U S government agencies, DoD 
will llnk international and host-nahon tranmg of field epidemiologists and researchers to 
exlstlng DoD laboratones, creahng regional networks Third, U S government agencies in 
international partnerships need to establish a funcbonal surveillance system on the Internet, of 
whlch PROMED is an excellent early prototype 

LAURENCE KALKSTEIN, Ph D 

Direct weather impacts, such as heat waves, have a profound effect upon human health, 
d u n g  unusually hot conditions, deaths from all causes can nse over 50 percent above average 
levels The elderly, poor, and very young appear dispropo~onately stressed The impact of 
climate change could exacerbate the situation, as more extreme hot weather, and a greater 
frequency of oppressive air masses could cause the number of heat-related deaths to nse 
significantly Although developing nabons could suffer mordinately, it is quite obvious that 
extreme heat can cause havoc in Amencan cities, as evidenced by the recent Chcago heat wave 

There are a number of unanswered or disputed questions involving the Impact of climate 
change on mortality and morbidity Will increasing mnter warmth compensate somewhat for 
hotter summers by decreas~ng mnter mortality? What m11 be the impact of increasing 
accessibility to air conltionmg? Would many of the people who die of excess heat represent 
deaths that would have occurred shortly afterward, regardless of the weather? What is the 
acclimatization potential of the population if future temperatures nse? Can excessive deaths be 
mibgated mth the development of watchlwarning systems that provlde the appropnate agencies 
mth advance notice about impenlng dangerous weather condibons? Finally, how does the 
combination of hot weather and air pollution contribute to increasing human mortality, and what 
are the implications of a global warming on weather or pollution impacts? 

MARGARET L KRIPKE, Ph D 

The amount of ultraviolet-B (W-B) radiation m natural sunlight is dependent on the 
concentration of ozone In the atmosphere A reduction in ozone w111 increase the amount of UV- 
B radiatlon reaching the earth's surface Even a small increase in UV-B radiation is likely to 
have important consequences for human health Although a small amount of W - B  is necessary 
for producbon of vltamin D, excessive exposure causes squamous and basal cell skin cancers and 
contributes to the incidence of melanoma skln cancer Ocular changes that lead to certain types 
of cataract are also a consequence of excessive exposure to W - B  radahon W - B  rad~ation can 
also interfere mth the body's immune system, this consatutes one of the most potentially 
dangerous effects of W - B  because of the possibility that immunity to infechous diseases may 
be compromised Unfortunately, too little is know about the immunology consequences of W - B  
radiabon to make predicbons about the impact of ozone deplebon on human diseases 
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ANTHONY J McMICHAEL, M D , Ph D 

Three thngs about this topic need emphasis scale, context, and uncertamty Flrst, the 
anticipated health nsks are not of a localized kmd, they are of large scale, impingmg at 
population level, and transcendmg national boundaries Second, the nsks are not just "more of 
the same" (more heatwaves, aJr pollution, etc) Rather, they would anse substantially ma indirect 
pathways (by disturbance of natural systems, e g , the ecology of infechve agents, food 
production, and freshwater supplies) Third, forecasbng them entals complexity, uncertainty, 
and a long time honzon It is tempbng to focus on the more familiar nsks, increased deaths from 
heatwaves (especially in the very young, frail, and elderly), trauma from floods and storms, 
and-from stratosphenc ozone depletion-more cases of skm cancer However, m the long 
term, sustained changes in climate and m climate-dependent natural systems (particularly if also 
subjected to other enmronmental or ecological stresses) would result in (a) altered patterns of 
infectious diseases, especially vector-borne diseases (malana, dengue, etc), (b) some regonal 
declines in food production, and (c) population dwplacement (nsing seas, decllnlng apculture, 
food shortages, and weather disasters) and its many public health consequences Combinations 
of mobile infections, malnutnhon, and social stress--especially in displaced and migrating 
groups--could amplify the health impacts of clmate change 

STEPHEN S MORSE, Ph D 

"Emerging infectious diseases" are those that are newly appeared in the populabon or are 
rapidly increasing their incidence or geographc range (e g , HIVIAIDS, cholera in South 
America and Afhca, Ebola in Afnca, and Hantavlrus pulmonary syndrome and Lyme disease in 
the United States) Most emerging mfections are caused by pathogens that are present m the 
environment but are newly introduced into humans, often from another species as a result of 
changing ecologcal or envlronmental conditions that Increase the chance of human contact, or 
are infections that were once geographically isolated but now have an opportunity to reach larger 
human populations Climate may often be a factor For example, mth Hantavlrus pulmonary 
syndrome in the southwestern Uruted States in 1993, the virus probably was long present m local 
rodent populations, but unusual local weather conditions led to an exceptionally large rodent 
population, with greater opportumties for people to come in contact mth infected rodents (and, 
hence, with the virus), the weather anomaly itself may have been due to large-scale clmabc 
effects Human population movements, whch can introduce remote infections to a large 
population, also are often a factor in the emergence of disease The mass movement of workers 
from rural areas to cities, largely h v e n  by economic conditions, can allow a premously isolated 
infection to reach larger numbers of people (ths probably happened wth  HIV) Climate 
changes, by potenhally decreasmg productivity of local rural apculture, could accelerate t h s  
migration As a final example, epidemiologists have long documented a close relationship 
between climatic conditions and epidemics of childhood bactenal menmgitis (which can also 
spread globally by travel) in parts of Afnca where the disease naturally occurs 
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JOEL SCHWARTZ, Ph D 

Increases in temperature in the Northern Hemisphere m11 result in Increased demand for 
air conditioning, and hence increased emissions from electnc power generation, which are the 
major source of fine particles in much of North Amenca Increased temperature wlll also lead to 
increased ozone formahon While the degree of pollution resulting from climate change is 
relatively unclear, the effects of pdculate  alr polluhon and ozone are becoming increasingly 
clear Increased pmculate air polluhon is associated mth increased nsk of mortality, decreased 
life expectancy, and increased hospital admissions for heart and respiratory illness Ozone is 
associated w t h  increased hospital admissions for respiratory illness The magnitude of these 
nsks can now be quanhfied 

ROBERT E SHOPE, M D 

Some probable effects of global warming are (a) an increase in temperatures especially at 
night, (b) greater warming in polar than in tropical latitudes, (c) an increase in the frequency of 
tropical storms, (d) loss of forests, and (e) migrabon of humans and their domestic animals north 
in the Northern Hemisphere These changes wl l  affect the health of people and animals, 
espec~ally through increased numbers and efficiency of arthropod and rodent vectors of disease 

Vector-borne lseases such as dengue, St Louis encephalitis, Lyme disease, yellow 
fever, malana, and Rft Valley fever, as well as bat rabies and Hantawruses, will be affected 
These diseases have in common an ecologcal component such that cl~mate limits their 
distnbubon Most occur in tropical areas and have either a mosquito, tlck, or wild an~mal as part 
of their cycle In many cases the infectious agent mulhplies better in the reservoir at high 
ambient temperature, and often the vector depends on ample ramfall to thnve 

In the case of Lyrne disease, climate influences both the infechous agent and the hosts 
that maintain the life-cycle of the vector Dengue is a tropical virus disease transmitted by Aedes 
mosquitoes T h s  disease, urlth warrmng, appears to be mowng northward to the U S -Mexican 
border 

ROBERT T WATSON, Ph D 

The Earth's climate is predicted to change because human activit~es are altenng the 
chemical composihon of the atmosphere The buildup of greenhouse gases-pnmanly carbon 
dioxlde, methane, nitrous oxide and chlorofluorocarbons (CFCs)-is changmg the rad~at~on 
balance of the planet The bas~c heat-trappmg property of these greenhouse gases is essentially 
undisputed However, there is cons~derable sc~enbfic uncertainty about exactly how and when 
the Earth's climate mll respond to enhanced greenhouse gases The direct effects of climate 
change wl l  ~nclude changes in temperature, precipitabon, so11 moisture, and sea level Such 
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changes could have adverse effects on ecological systems, human health, and socioeconomic 
sectors 

Accumulabon of CFCs in the upper atmosphere has already led to world-wde depletion 
of the ozone layer and an ozone hole in spnngtune over Antarchca Ozone filters out harmful 
ultranolet radiation and keeps it from reachmg the Earth's surface Recent international 
agreements to phase out CFCs are beginning to show results, we now expect peak depletion to 
occur about the turn of the century, and the ozone layer should recover over the next several 
decades 

Ozone depletion and climate change are complex problems that w11 affect the economy 
and the quality of life for this and future generations The lag time between emission of the gases 
and their impact is on the order of decades to centuries, so, too, is the time needed to reverse any 
effects Thus, decisions in the near term w1l have long-term consequences 

M GORDON "REDS" WOLMAN, Ph D 

The geologic record provldes clear endence of climatically induced changes in the 
quantity and quality of fresh water on the globe Major fluctuations in climate, in the last 10,000 
years and before, have resulted in the creation and demise of lakes and nver systems 
Temperature pertwbahons of only a few degrees have also been accompanied by significant 
increases in the frequency of floods, and sm~lar  flood events are associated with El Nifio 
oscillations In some regions Increasing seasonal runoff at some locations in the United States 
may be associated with a warning trend dunng this century, but the record is not consistent 
Cllmate change influences water quality directly and indxectly, directly through changes in 
water temperature and associated chemical and biochemical phenomena (e g , dissolved oxygen, 
algae), and indirectly through alterations of vegetation and the erosional process on land 
Sediment yleld and accompanying organic and inorganic constituents may alter the quality of 
ambient flow and the charactensbcs of the habitat Human impacts achng on both landscape and 
cllrnate are often inseparable from the vanable behavior of natural processes 

DAVID OOT, Ph D 

More than 800 million people, or 15 percent of the world's total population, are food 
insecure They lack the economic and physical access to adequate food to meet their dietary 
needs and to lead healthy and productive lives Inadequate food consumption is a pnmary cause 
of malnutntion along wth infecbon and poor health For 1993, the UN reports that over 34 
percent of all preschool children in developing countries are malnourished From recent research 
we know that protem energy malnutntion (PEM), even in its mild-to-moderate forms, 
contributes to 56 percent of child deaths in 53 developmg counmes The temble burden of PEM 
on child survival is even greater when the toll of hdden hunger due to micronutnent 



deficiencies-espec~ally of Vitamin A, whch leads to blmdness, of iron, causing anemia, and of 
lodine deficiency, which leads to impaued mental performance 

Projections through 2020 suggest an mcreasing number of malnournished people, 
especially in South Asla Esbmates for the numbers of additional people at nsk of hunger range 
from a conservative 100 million to around 360 mlllion by the year 2060 Cereal pnces were 
estimated to Increase dramatically from 25 to 125 percent, w th  profound lmplicatlons for the net 
purchasers of food, the poor The differential and negative impact in the develop~ng world has 
implications for the range and types of actlons that need to be taken to address the health and 
nutntion consequences 

- Early warning and f a m e  mitigation, 
- Institutional strengthening in developing countnes to predict and respond to 

environmental and related emergencies, 
- Development assistance to vulnerable countnes for prornohng and refining adaptive 

measures to Improve food production and Income generahon, 
- Increased emphasls on basic health and nutntion sermces including family plannmg, 
- Focused and coherent approaches to effective utilization of U S food resources 

targeted to the vulnerable, and 
- Global actlon and leadership to advance scienbfic knowledge and its application 

ADDITIONAL ABSTRACT OF CONFERENCE PRESENTATIONS 

J Michael Hall, Ph D , and Paul Epstem, M D , M P H 

Dunng the past 15 years scientists have made dramatlc progress m predicting the El 
N~fio-Southern OsclllatIon (ENSO) phenomenon and related seasonal to interannual climate 
vanability in many cnhcal areas of the globe, particularly in the tropics and subtropics, where 
the ENS0 signal and impacts are strongest Current ENSO-forecashng capabilihes can predlct 
cl~mate trends for many affected reglons of the world wth a lead time of up to 1 year Accurate 
and timely forecasts allow policy-makers to mitigate the potentially devastating economic 
Impacts of ENS0 by adaptmg planning processes to short-term climate fluctuations The ab~ l~ ty  
to anticipate an upcoming anomalous wet or dry penod is already being used by decision-makers 
in several tropical countnes Past successes in climate forecashng and impacts modeling m the 
apculture and hydrology sectors have set the stage for a new line of Investigation and 
application in the health sector 

El Niiio events-producing warmer and wetter years periodically in reglons around the 
world-may be associated wth  upsurges of cholera and other water-borne diseases, new 
appearances of harmful algal blooms, disease events across taxa in the mmne environment, 
outbreaks of malana and dengue fever, and the abundance of rodents as pests and pathogen 
vectors Multid~sciplinary applicahon centers integrahng climate forecashng with ecological and 
social informat~on can provide early warnmg for multiple sectors including hydroelectric energy, 
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water resources management, and agriculture ("Famine Early Warning Systems") With 
additional invesbgation, the potential exists to extend these applicabon efforts to human health 
("Health Early Wamng Systems") While clunate circumscnbes the distnbubon of many 
disease vectors, extreme events may determine the timing of outbreaks 

In considering El Niiio as an analogue for long-term climate change, lessons can be 
learned from El Niiio's effects on extreme events changes in droughts, floods, and minimum 
and maxunum temperatures Study of the linkage between ENS0 and health is begnnmg to 
reveal important threshold effects and provide tools for predicting the impacts of global climate 
change that can be tested and perfected on venfiable timescales The significance of ENS0 may 
be greater still, as some scientists believe that global climate change may be expenenced in large 
part through changes in climatic extremes and climate vanability For some diseases, changes in 
climatic extremes may be even more important than changes in average temperature and average 
precipitation 


